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INTRODUCTION
Throughout most of man's history, the population has grown at a 
fairly slow rate up until the nineteenth century. According to some 
estimates, the world population had grown from about 250 million at the 
beginning of the Christian era to only a billion by 183oJ Industrial 
revolution and improved farming methods in the preceding century enabled 
sustenance of a larger population. This caused doubling of the world 
population in the 100 years between 1830 and 1930. Since around 1920, 
a rapid decline in mortality rates in developing countries without a 
compensating fall in fertility brought about an unprecedented acceleration 
of population growth, bringing the world total to 4 billion people by 1976. 
Given the high fertility rates in most parts of the world and the current 
age composition, the world population is bound to continue a rapid growth 
for at least several decades, even if the fertility rates started to decline 
in some developing countries.
While the mortality rate has been steadily declining in the developed 
countries, changes in population growth in the industrialized countries in 
the recent past have largely reflected movements in fertility. It reached 
a trough in the 1930's, and rose to bring about the post-war baby boom in 
the late 1940's and 1950's and has fallen again since the late fifties. 
Meanwhile, the great population surge in the vast developing world which 
started early in the century shows almost no sign of levelling as of the 
early seventies. It was not until after the post-war baby boom that some 
nations came to think of the possible negative consequences of rapid 
population growth. In the sheer physical sense, it became evident that
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the finite resource endowment would be unable to support the expected 
large population. It is a new realization of the mankind, who has long 
taken an interest in the expansion of its kind throughout most of its 
history. Besides the long-term physical implications of population 
growth, the most recent increase in population in both the developed 
and developing countries rapidly brought about a number of problems in 
economic, social and political spheres. There are more difficulties in 
the offing as the physical constraints in resource and environment become 
more evident. Specifically, rapid population increase interacts with 
public education, health, employment, welfare, urban development and the 
quality of environment in which people live. Many of these undesirable 
consequences are not all understood and their magnitude is at best uncertain.
Now, it is pretty well recognized that a reduction in fertility, 
particularly in the developing countries, is an important component of 
social and economic development, although such a reduction cannot be a 
substitute for general economic development with large capital investments 
and massive transfers of technology. As economists recognize the importance 
of demographic factors in planning for social and economic development, 
more attention is given to demographic projections. Demographic projections 
can provide an objective basis in planning for food, housing, health, 
education, labor force, etc.
It is the purpose of the Population Dynamics Group Projection Programs 
to provide a vehicle to combine the demographic projection with various 
other economic problems in the most explicit manner so that it can provide 
an indisputable quantitative basis for further interdisciplinary discussion 
on the total implications of growing population.
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Very often in economic and social simulation programs, the under­
lying assumptions become the focal point in the discussion leaving the 
computed results to less than desirable level of consideration. It is 
particularly true when the program is provided as the basis of discussion 
for people from different disciplines. It is now an established and 
quite desirable practice to appeal to an interdisciplinary solution for 
subjects with as diverse implications as population. With an eye to 
such practical problems, the Population Dynamics Programs were developed 
with explicit assumptions and a string of exogenous variables subject to 
user specification instead of a general system for endogenous determina­
tion of variables by means of behavioral relations, little of which are 
known in most developing countries. Such an approach makes the model 
quite transparent and will facilitate objective projections and simula­
tions under alternative specification of exogenous variables. All of 
the programs are implemented for operation on an on-line interactive 
graphics mode.
Given the extreme uncertainty in the future demographic trend, and 
consequently its implications on the economics front, projections of 
several variants in key demographic parameters have been the favorite 
game of the demographers. For instance, the United Nations population 
projection has always been made in four variants: constant, low, high 
and medium variants, each representing different assumptions on fer- 
tility trend. U.S. Bureau of the Census also projects the population 
in three different series. It is exactly the objective of PDG programs
to allow as many variants as the program users desire by allowing exten­
sive interactions between the program and users and by introducing 
simplifying equations with explicit assumptions.
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There are currently about a dozen models in the PD6 programs. This 
paper outlines the models for the most often used programs. Readers 
interested in the use of the programs for actual projection or instruc­
tional purposes are directed to read the commentaries and user's manuals 
available for each of the programs.
Presently all of the programs are available through the University 
of Illinois PLATO computer network and most are available in BASIC for 
Data General NOVA series with plasma panel. In the latter configuration, 
the operating system has to have certain routines to drive plasma panel 
terminals. Many programs are also available in FORTRAN and BASIC for 
other types of computer configuration with line printer output.
Population Projection Model
Three criteria are applied in constructing the basic population 
projection model. First, the model has to provide the necessary informa­
tion on total size, age composition, births, deaths and a host of other 
demographic indicators. Secondly, the model is to be operative with a 
minimum set of data and uses minimum steps of algorithms for fast reaction 
time for interactive operations. Thirdly, the model should be able to 
handle changes in all instrumental variables in almost any demographic 
assumptions. On these criteria, a combined sex (one-sex) projection model 
by five years of age was constructed.
A population is affected by the numbers of births and deaths and the 
net migration during the given period. Since migration in most countries 
lacks adequate data and is subject to sudden changes according to national 
policy, it is determined that births and deaths only will be included in
the projection leaving net migration out. The basic form of projection is
as follows:
O )  TPt+5 = TPt + Bt - Dt
where TP^ = total population at year t
= number of births during period t and t+5
= number of deaths during period t and t+5
Note that B and D are flow concepts while TP and all other variables to 
appear later are stock concepts. B and D with time subscripts refer to 
the rate during a five-year period starting at the time indicated in the 
subscripts.
The above basic formula is carried out quinquennially by each cohort 
of five year intervals as follows:
ASFR(i) * FPtU)
2
+
ASFRU+1) • FPt+5(*)
2
FPtU) = TPt • C(i)
FPt+5(^ ) = FPt(i-l) • (1 - ASMRt (¿-1)
where
ASFR(i) = period age specific fertility rate for cohort i
FP(¿) = female population in cohort i
C(i) = female population in cohort i as a fraction of TP
ASMR(^) = (cohort) age specific mortality probability for cohort i
Unlike annual projection of each age group, a quinquennial population 
projection by five year age group presents a special problem arising from 
the unavailability of longitudinal observation of fertility and mortality 
data. ASFRs available from most demographic sources are period data as 
opposed to cohort data (longitudinal observation). In other words, available 
data pertains to the fertility experience of a given group during a given 
period. It differs from the cohort measure of fertility.4 In our quinquennial 
projections, it is necessary to apply cohort fertility to the respective 
female cohort for each of the five-year projections. Therefore, it was 
necessary to combine half of the births to the members of cohort i at the 
beginning of the period with half of those to the cohort i+1 at the 
beginning of the following period. The two terms in the parenthesis in 
equation (2) represent the above two elements respectively. Assuming an
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even distribution of women over each five-year period, in the absence 
of cohort fertility data, the above method will produce the most acceptable 
births over a five-year span by using period fertility data. The summation 
over the entire fertile cohorts will give the total number of live births.
The next step is to move forward each cohort over time (and over age) 
by applying the mortality schedule.
(3) Pw (l)
(4) Pt+5(1) 
where
ASMR(i)
p u )
PS(0)
PtU-l) (l-ASMR(i-l)), ¿=2,....18 
Bt * PS(0)
(cohort) age specific mortality probability of cohort i. 
population in cohort i.
probability that an infant born during the period t to 
t+5 will survive through the end of the period.
Equation (3) carries forward each cohort by applying the probability 
that a person in cohort i-1 will survive the next five years to the cohort 
size. As in the case of fertility rates, the problem of distinction between 
period versus cohort measures also applies to the mortality rates. It is 
because our equation is not interested in the deaths of people who die at 
a specific age interval (basis of period ASMR), but is interested in the 
mortality or survival rate of a specific cohort through the following five 
year period (basis of cohort ASMR). If we assume that the mortality con­
ditions are equal for all persons within each five year group and that people 
are distributed evenly within each five-year age interval, the cohort ASMR
will be equivalent to the Life Table function of 5Lx+5 . 5 This measure of
5Lx
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cohort ASMR (and survival probability of (1-ASMR)) was computed for each 
country from the model life tables prepared by the Office of Population
g
Research, Princeton University.
Cohort 18 in year t and cohort 1 in year t+5 pose special problems.
Since cohort 18 is the last cohort, we shall assume that all those in
cohort 18 in time t will be deceased by t+5. Cohort 1 in t+5 are those who
were born between t and t+5 and survived through time t+5. This cohort
did not exist at time t. Thus equation (4) computes the number of babies
born during the five year period who survive to form cohort 1 in t+5, by
multiplying the projected number of live births to infant and child survival
probability (PS(0)), which is equivalent to l^o + 4L1 in a Life Tabled
5Zo
The infant and child mortality concept introduced in equation (4) is not 
only necessary for five year step projection, it is also a convenient concept 
which can later reflect changing conditions of 'hygiene and public health in 
developing countries.
In the above projection model, the input data are as follows: total 
population, age composition, age specific fertility rates, and age specific 
mortality rates. When age specific mortality schedule is not available, it 
can be approximated from the Standard Life Tables if the life expectancy at 
birth is known. Infant and child mortality is also obtained from the Life 
Table unless otherwise available.
Changes in fertility and mortality rates.
The most important assumptions in a population projection are those 
on the future fertility and mortality trend. Many alternative specifications 
of fertility and mortality trends are implemented in the basic projection 
model as follows:
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Fertility Changes
Total fertility rate (TFR), age specific fertility rates (ASFR) or 
crude birth rates (CBR) can be altered gradually over time to reflect a new 
fertility trend. Since the above three rates are alternative measures of 
the same item, changes in any one of these rates will override any previous 
changes in fertility rates.
Changes in ASFR and TFR are quite straightforward. A new specification 
of TFR is translated to a new schedule of ASFR by proportionally changing 
current ASFR, assuming a uniform decrease or increase in fertility over age 
in case of any fertility change.
new TFR
new ASFR(i) = current ASFR(i) current TFR, i- 4,___9.
If the change is to occur over a period of time, the intermediate values 
of ASFR are obtained by simple linear interpolation.
Changes in CBR as the fertility rate in a population projection model 
are quite complex to implement, because there is no one-to-one relationship 
between CBR and TFR (or ASFR). The corresponding values of CBR and TFR will 
depend on the age composition of the female population and the fertility 
pattern over age. Since both age composition and fertility pattern differ 
widely among countries, it was decided to numerically simulate the corres­
ponding points for each change in CBR.
Changes in CBR are implemented by computing the corresponding value 
of TFR with the given population, using an iterative procedure as follows:
CBR.(5) TFRn = TFRp ja
CBR.
(6) B.
9
Z
i=3
ASFRnU)FPtU) + ASFRnU+l)FPt+5U)
ASFR (i) = ASFRp ^  ' TFRn
TFR. ,i =3,
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(7) D
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« B(1-PS(0)) + Z P(i) * ASMR(i)
1
(8) CBRn 5
B
2 (2TP + B - D)
(9) |CBRn ■
■ CBRg|
■C .01
where
CBRa ■= target or desired value of CBR
CBRn = new computed value of CBR 
CBRp = current value of CBR 
TFRn = new computed value of TFR 
TFRp = current value of TFR
ASFR^ = new computed values of ASFR, corresponding to TFRn
ASFR = current values of ASFR, corresponding to TFR 
* P
B, D, FP, P, ASMR, PS(0) and TP are as defined earlier.
Equation (5) is the computation of new TFR (TFRn) by changing current 
TFR in proportion to the changes in CBR value. Equations (6) and (7) 
compute the new births and deaths based on the new values of fertility and 
births, respectively. Then, the CBR is computed. If the absolute difference 
between the computed and desired values of CBR is greater than .01, the 
process (5) to (9) is iterated until the difference is reduced to satisfy 
equation (9). In each iterative process, TFRp and CBRp take on the values 
of TFRn and CBRn of the preceding iteration.
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Mortality Changes
Cohort age specific mortality rates (CSMR), life expectancy at birth 
(LE), and infant and child mortality rates (ICM) can be changed over a 
specified time period. ICM and CSMR can be changed simultaneously as one 
does not affect the other. However, for reasons apparent in the following 
descriptions, when LE is changed, ICM or CSMR should not be altered 
simultaneously, since a specification of LE will determine both ICM and 
CSMR. Likewise, when ICM and/or CSMR are altered, LE is not to be changed.
Changes in ICM and CSMR are implemented by means of replacement or 
linear interpolation between current values of the country and the new 
specification, depending on whether the change is to occur immediately or 
gradually over time.
Changes in LE are done by using a set of standard life table schedules. 
Twelve cohort specific survival probability schedules are computed from a
o
regional mode life table for each region (north, east, south, west) 
according to the method described in page 8. The twelve schedules in each 
region are for the 12 specified life expectincy at birth, in increment of 
five-year steps for an LE of 25 to an LE of 80. In other words, twelve 
CSMR are computed for LEs of 25, 30, 35, etc. When an LE is specified 
between the above round numbers, a schedule for the particular LE is 
computed by a linear interpolation of the two schedules adjacent to the 
specified LE. When the change in LE is to occur over a period of time, again 
a linear interpolation is made between the mortality schedules representing 
the beginning and ending points of the change.
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Projection Outputs
Compared to the relatively small amount of inputs required in the 
projection model outlined above, possible outputs are varied.
Total population and age composition are straightforward result 
of the projection model.
Crude birth rate (CBR)
CBR is the number of live births occurring during a year per 
1,000 people in the population. The total population to be 
used as the denominator is usually the mid-period population. 
Since births are computed by equation (2) and population in 
each age group by equation (3), each in five-year steps, the 
CBR between t and t+5 is:
(10) CBR = Bt x 1000
|  *  lpt M  ♦ P w U J
i=l
* Crude death rates (CDR)
CDR is the number of deaths occurring during a year per 1000
people in the population. As in the case of CBR, the CDR between
t and t+5 is:
18
(11) CDR = Z PAi) ‘ ASMR(i) + B. * PS(0)
i=1 1 * x 1000
1  Lpt(i) +
i=i
* Annual rate of increase
The annual rate of increase will be determined by the births and 
deaths in the population.
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02 ) x 100Bt - Dt
T  <TPt + TIW
(13)
where is identical to the numerator of equation (11) and the 
denominator is the same as that of equation (11).
Dependency ratio (DR)
DR is the ratio between work-force age groups (usually 15-64) and 
the two classes of their potential dependents (0-14 and 65+). It is 
an indication of the age structure and the implied economic burden 
resulting from the particular age structure.
DR
3
E
i=1
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P Ai) + .2 PtU)
73
2 Pt U)
t=4 z
* Number of people in any age group
Although age groups bound by any round numbers are readily available
from equations (3) and (4), other age groups have to be computed by
some interpolations. There are a host of methods available from
polynomial and osculatory interpolations. Osculatory interpolation
is particularly suitable for securing interpolated results which have
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a high degree of smoothness with rough points of data. Age groups 
in the program are computed using coefficients derived from the 
Karup-King third difference formula which is an osculatory interpolation. 
The Karup-King third difference equation is based on two overlapping 
polynomials of second degree, with ordinates and tangents forced to be 
common to both polynomials at the second and third of four evenly spacdd 
abscissas. A more detailed explanation of the use of Karup-King equation 
in the age group calculation can be found in Shryock and Siegel cited in 
footnote 9.
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Data
Included in the program are demongraphic data for about 130 
countries. The data base was prepared by and obtained from the 
International Demographic Statistical Center (IDSC) of the U.S. 
Bureau of the Census, which, in turn, relied on various national 
sources. Since 1970 is the base year for the projections, census 
taken near 1970 was used when available. For many countries, however, 
part or all of the data has been estimated from previously available 
data.
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Educational Costs and Enrollment Model
An area which is most sensitively affected by a population change 
is the educational sector. It is because education is directed to the 
younger cohorts of the population. Once the population of a country is 
projected, the computations of school enrollment and educational costs 
are straightforward if enrollment ratios and unit costs are known.
Throughout the 1950's and 1960's, there had been a high rate of 
educational expansion with increasing enrollment ratios throughout most 
of the developing countries. Educational expansion, however, has slackened 
considerably since the late 1960's. This new trend has caused a great deal 
of concern among development and education officials. The current stagna­
tion in educational expansion in developing countries is attributed to a 
number of reasons including the relevance and quality of education provided 
by the largely borrowed formal school systems, financial constraints, and 
difficulty in reaching rural populations.^ In addition to the above reasons,
there is now a new problem that the decline in enrollment increases coincides
1 1with the peaking of the population surge at the school age group. The 
World Bank is particularly concerned about the prospect of stagnation or even 
retrogression in progress toward universal education as a result of population 
pressure, which is not expected to be relaxed before the mid-1980's The 
current population growth rates and their rates of decline vary significantly 
even among the developing countries. In many countries, the outcome of current 
population activities where they exist is difficult to predict even if there 
usually is a target for such programs. In others, where no formal governmental 
policy on population is formulated, the future of population growth is more uncertain.
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It will be indeed quite beneficial to assess the effect of population 
change on the requirements of educational expansion and the costs it 
takes to achieve a specific goal. The current program is designed 
specifically for such purposes.
Educational model makes projections of school enrollment, operating 
costs (recurring type) and expansion costs (non-recurring type) and 
teacher requirements at the three levels of education, namely primary, 
secondary and post-secondary. The enrollment ratios and unit costs are 
of critical importance in such projections. The enrollment at each school 
level is computed by:
04) Nt(i) = Vt(i) Pt(i) ¿ = 1,2, 3 
where
N (i) = total enrollment at educational level i.
V (i) = the net school enrollment ratio of the youths in the 
age bracket normally covered by education level i.
P (i) - the number of people in the age bracket normally
covered by education level i.
Costs of education in the program refers to actual expenditures on public
and private education. Some education economists prefer to include
opportunity costs in total educational costs, but it is excluded from our model.
Little is known about the opportunity costs and they play an insignificant role
12in the decisions of planners because universal education at the primary level 
is often viewed as human development desirable for its own sake rather than 
as a result of application of investment criteria. Costs in the program are 
divided into operating and expansion costs. The former is costs incurred 
in operating the existing education system and are of the recurrent type.
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They include all teacher salaries, maintenance of school facilities and 
administrative costs, etc. Expansion costs, on the other hand, represent 
non-recurrent costs associated with the expansion of physical facilities 
and training of new teachers to accommodate a larger number of students in 
the subsequent periods. They include capital expenditures on buildings, 
furniture and equipment, and teacher training costs. The costs are computed 
in the following manner:
05) TOt(i) = NtU) x OtU) = 1,2,3
(16) TEt(i) = Nt + 5 ^  " Nt ^ Et(i) ,i = 1,2,3
5
(17) TCtU) = TOtU) + TEtU), i - 1,2,3 
where
TOU) = the total operating cost per year at level i.
0(i) - operating cost per student per year at level i.
TE(i) = the total expansion cost per year at level i. 
E(i) = expansion cost per place at level i.
N(i) = the number of students enrolled at level i.
TC(i) = the total educational expenditure at level i.
The number of teachers at each educational level is computed by:
XU)
where
X(i)
N(i)
PTR(i)
N(i 
PTR (i
the number of teachers needed at level i. 
the number of students enrolled at level i. 
the pupil-teacher ratio at level i.
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Parameter Changes
In the basic population projection, new demographic trend can be 
implemented by changes in all of the population parameters and variables 
in the same manner as in the population projection model. This part of 
the education model is in fact identical to the population projection model.
All of the educational variables and parameters can also be changed.
The specification of age groups covered by each educational level can be 
altered to take effect in the base year of 1970. School enrollment ratios, 
unit costs for operations and expansions and pupil teacher ratios, all at 
each school level, can be respecified for immediate change in 1970 or for 
a gradual change over a period of time. In the latter case, the gradual 
change takes place in the form of linear reduction or increment over the 
period.
Projection Outputs
Each of the following can be projected for each school level, for 
primary and secondary combined, or for the total educational system.
* Number of students enrolled
* Operating Costs
* Expansion Costs
* Total Costs
Number of teachers needed
Data
13Most of the educational data are drawn from UNESCO Statistical Yearbook 
and some are approximated by the author. The most readily available enrollment 
ratios are the "gross ratios" which are the total number of students enrolled 
in each school level divided by the number of youths in the age group normally 
covered by that level. The educational expansion in the 1950's and 1960's
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produced a large proportion of over-aged students in many countries. As a 
result of it, the gross ratios often exceed 100 percent at grade school level. 
Such gross ratios are different, sometimes substantially, from the net ratio 
which is the weighted average of the age-specific enrollment ratios for the 
proper age group. For a long term projection the net ratios will be the 
proper parameters because students will get in and out of school at the proper 
age as the educational expansion reaches its maturity. Where the age specific 
enrollment ratios were available from UNESCO, the net enrollment ratio for each 
school level was computed by a weighted average. Otherwise, the gross ratios 
were adjusted for an approximation.
Operating cost per student is based upon public expenditures on public 
education. It is often available by school level. Otherwise, it was obtained 
by simply dividing the total public expenditures for operations by the number 
of pupils in public schools. When the distinction between public and private 
school enrollments are not available, the total number of students are used 
resulting in an underestimation of the operating costs.
Expansion costs per pupil vary substantially between different curricula 
and different localities even within a country. Therefore, it is a hazardous 
task to project expansion costs because in many countries even a standard 
plan for physical facilities does not exist for a number of reasons. Although 
total capital expenditures on education are often available, per pupil (or 
per place) data are not available. Therefore, it was decided to construct a 
standard cost table regardless of the availability of past capital outlay data.
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First, for buildings, furniture and equipment, a standard plan and its costs
are assumed as the norm of widely different facilities. According to the
14cost estimates made by Coombs, Hallak, et al, a per place cost at the 
secondary level in a hypothetical country with a per capita income of $300 
level was computed. To this base cost, adjustments were made to estimate the 
per place costs at three different levels of education in six different income 
levels. Added to this are teacher training costs which were calculated assuming 
that they will be equal to the college level educational costs and the size of 
a class will be 25 students. The resulting standard cost table is shown below. 
For many countries, such a method will produce a large difference from the 
actual outlay because of the diverse methods of projecting capital expenditures 
in various countries. Projection based on such rough estimates should not be 
resorted to by anyone seriously interested in the capital outlay requirements 
of a particular country.
Computed Standard Per Pupil Expansion Costs
PRIMARY SECONDARY HIGHER
PCI SCHOOL SCHOOL EDUCATION
$ 100 $360 $450 $ 700
$ 200 $400 $500 $ 750
$ 300 $440 $550 $ 800
$ 500 $480 $600 $ 900
$1 ,000 $520 $650 $1 ,000
Above $1,000 $600 $750 $1 ,100
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Labor Force Analysis Model 
(and Female Dominant Population Model)
The Labor Force Analysis Model is for the projection of labor force
by sex and age group, under certain specified labor force participation
rates and demographic trend. Again, the underlying population projection
is performed by five year age cohorts in five year steps. In this case,
however, separate male and female populations are projected generally using
15what demographers call female dominant two sex model. The female dominant 
model is based on the assumption that the births of both boy and girl children
depend only on the number of females in the population.
The population is projected in the following manner, which parallels 
the one sex model explained in an earlier section, except that female births 
are first computed and then male births are derived by the sex ratio. Only 
equations relating to the births will be explained here because advancement 
of each cohort over time by the application of mortality schedules and changes 
in parameters are identical to the one sex projection model. Thus, equations 
(3) through (9) apply to the two sex model also, except that in this case 
population in each cohort (C(i)) is now divided into female cohorts (FC(i)) 
and male cohorts (MC(i)), and male and female have separate mortality schedules.
First, female births can be computed by applying gross reproduction rate 
(GRR) to the female population. GRR is equivalent to total fertility rate 
(TFR), except that GRR counts only female births instead of total births.
Since GRR is not readily available for most populations, it is a common practice 
to use the relationship between GRR and TFR.
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TFR = GRR * (1+SR)
where SR is the sex ratio at birth, i.e., the ratio of male to female births. 
Using the above approximation method of GRR, the female births (FB) can be 
computed by
(18)
y
FBt = 2 j
'ASFR(i) FPt(i)
t ¿=3 '^ 2
where all variables are as defined
period t and t+5 are
MBt - F B t * SR
Babies surviving through time t+5
(19) = FBt ‘ PSf(o)
(20) MP-t+5 (1 ) = MBt ' P S »m'
SR
where PS^(o) is the probability that a female infant born during the period 
t to t+5 will survive through the end of the period; PSm(o) is the same 
for a male infant.
Next, the age and specific labor force participation rates are 
applied to the projected population
18
(21) MLt " . ? MPt(i) • LFPR(i) m' '
(22)
18
FLt ■ ^=l
FPt(i) • LFPRf(i)
(23) TLt - MLt + FLt
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where
ML = total male labor force 
FL = total female labor force 
TL = total labor force
LFPRm(i) = labor force participation rate for male cohort i. 
LFPR^(i) = labor force participation rate for female cohort i.
When changes in the labor force participation rates are specified over a 
period exceeding five years, a linear interpolation is used for the inter­
mediate values in five year steps.
Program Output
The following can be projected based on 1970 LFPR and demographic 
parameters or other specifications of LFPR and demographic trend.
* Population and age composition by sex based on female dominant 
population model
Male labor force 
Female labor force 
Total labor force
Data
For the female dominant population projection model, TFR, separate 
male and female age compositions, and separate mortality schedules were 
available from the International Demographic Program of the U.S. Bureau of 
Census.^
The labor force participation rates (LFPR) for most countries were 
obtained from published materials of the International Labor Office.17 For 
the remaining countries for which no country-specific data were available, one 
of four sample LFPR schedules is used. These four sample LFPR schedules were
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constructed on the basis of per capita income level, which roughly reflects 
the state of development. Although labor force participation depends on 
a number of factors including economic and demographic conditions and religious 
and cultural background, the stage of industrialization or development was 
chosen as a singular important factor. It represents both job opportunities 
and training as well as liberation of the female population from restrictive 
tradition.
Figure 1
Computed Labor Force Participation Rates (1970)
•PCI below $100 
★  ★  ★  ★ PCI $100 ^$300
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Type I schedule is for countries with per capita 6NP of $100 or less; 
type II schedule is for countries with per capita GNP of $100-$300; type 
III schedule is for those countries in the $300-$l,000 range; and type IV 
schedule is for those with per capita GNP over $1,000. (See Figure 1)
This income level classification roughly distinguishes countries in the 
underdeveloped stage, early stage of development, late stage of development 
and developed stage. Each schedule shows the participation rates by sex 
and age group. The participation rates were computed by averaging the rates 
in individual countries, as estimated and projected by the International 
Labor Office.^
The resulting schedules have the following characteristics. In under­
developed countries, the labor force participation rates are higher for 
both the very young and the very old age groups than are comparable rates in 
countries which are developed or in the late stage of development. This 
reflects the need for young people below age 20 in low-income countries to 
start to work at an early age, and the continuation of formal education to 
the late teen years in developed countries. For the old age group, the high 
participation rates in low-income countries probably reflect inadequate 
savings during the prime-age period and lack of private and public old-age 
care and pension programs, all of which necessitate delaying retirement to 
a later time.
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Economie Model
The purpose of the economic model is to show the possible effects of 
alternative future demographic conditions on the economy. Compared to 
other subjects dealt with in this program, economic growth is a substantially 
more complex subject involving a variety of considerations. Consequently, 
the economic model is under many simplifying assumptions and aims at simple 
numerical demonstration of income level as it relates to the population 
growth. Unlike all other models in the program, which employ fairly accurate 
projection techniques, the economic model is largely for exercise rather than 
projection or simulation.
The model computes national income using a Cobb-Douglas type production 
function. Labor, which is computed from the population projection with labor 
force analysis model, and capital, which accumulates over time within the 
economic model, are the inputs. A third factor contributing to the output 
growth is autonomous technological progress, which is neutral to labor and
been debates on whether a rapid popula- 
technical progress, technological progress 
the absence of a convincing argument in
country's output is
U)
capital inputs. Although there have 
tion growth has a positive effect on 
is treated as an exogenous factor in 
one way or another.
The production function generating a
(24) Yt - At Kta N /
and
(25) At = A0 ( l + r ) t
18
(26) N. = Gt I LFPRt (i) * P
i-\
(27) Kt = Kt_5 +5 (it_5 - dt_5)
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where
Y is the gross national product 
K is the amount of capital stock 
N is the size of labor force 
A is the multiplicative factor 
G is another multiplicative factor
r is autonomous growth rate representing technical change
i is the gross investment rate expressed as a fraction of GNP
d is the depreciation rate of fixed capital stock expressed 
as a fraction of GNP
a ,3 are parameters, o< a < 1, o < 3 < 1 .
LFPR and P are as defined earlier.
Most are quite obvious and simple minded equations. G in equation (26) 
is a mechanical device with a value near unity. The meaning of G is 
left to the interpretation of program users. G can be used to represent 
level of employment so that N represents only employed labor. G can also 
be used to convert the natural unit of labor (L) into its efficiency unit 
equivalent (N). The rate of change in the employed labor (N) is the sum 
of rates of change in L and G, nt = lt + $t, where the lower case 
letter represents the rate of change of the corresponding capital letter, 
p(i) in equation (26) is, of course, generated by the population projection 
model under a set of specification of fertility and mortality rates.
In economic-demographic modelling, two important questions always 
stand out. The first one is whether to treat the demographic components 
exogenously or endogenously. Secondly, there is the question of the effect 
of fertility on savings rate. For the first question, although the demographic
28
trend is simultaneously determined with other economic and social con­
ditions, it is not clear which economic variables are affecting the 
fertility and mortality rates by what process. Besides, in most developing 
countries, there is direct and indirect governmental efforts to affect the 
fertility rate. Under such programs, there are continuous structural changes 
in the relationships between fertility rate and economic variables. As for 
the mortality rates, in the past few decades the relatively inexpensive 
public health programs affected the mortality rates in developing countries 
much more significantly than rising per capita income did. Therefore, in 
many of the developing countries, demographic trend is either set as a 
target variable or related to economic changes too loosely to be endogenously 
included in an economic model.
Secondly, the effect of fertility on savings has drawn a considerable 
19amount of attention. Possibly the most widely investigated adverse effect 
of rapid population increase on economic growth is based on the hypothesized 
negative effect of population on the availability of savings for capital for­
mation. This assumption, however, has been challenged in a number of
20occasions. Empirical evidence is mixed. Although in many economies
reduced fertility will provide favorable conditions for increase in capital
formation through reduced dependency burden and increased female labor force
participation, there exist a number of situations where this is not true.
There are also some economists, as Kuznets, de-emphasizing the role of capital
formation in development process. Nevertheless, many development plans
depend heavily on capital formation with either domestic savings or imported
capital. With the higher rate of return in LDC's, there has been an in-
22
creasing flow of capital from industrialized countries to LDC's. As long
29
as there is a large capital inflow from overseas and forced domestic 
savings by means of tax policy, income redistribution and public invest­
ment, then the effect of changing fertility on the domestic savings and 
capital formation may play a relatively small role in the total picture.
For this reason, investment rate in the model is treated as an exogenous 
variable, usually an input variable by the program user.
Parameter Changes
All the demographic parameters and labor force participation rates 
can be changed as explained earlier. Among the economic parameters, 
autonomous growth rate (r), labor multiplicative factor (G), rates of 
investment and depreciation (i and d, respectively), and production function 
parameters (a and 3) can be changed to take effect over a specified period. 
For intermediate years, a linear interpolation is used.
Projection Outputs
The economic model projects the following variables.
GNP and per capita GNP 
Labor force 
* Capital stock
Prevailing capital/labor ratio 
Prevailing GNP growth rate
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Data »
Compared to the amount of output which can be generated from the
model, the data requirements are quite moderate. Nevertheless much of
the data are simply not obtainable for many of the developing countries.
Although GNP and its growth rates and labor data are available for most
countries, most parameters had to be approximated.
The parameters of production function (a and $) were obtained from
23individual country studies when available. Otherwise, the share of wage
24bill in GNP is estimated for $. Then a was computed as a residual by
subtracting $ from unit under an assumption of constant returns to scale.
The rates of investment and depreciation of capital stock are expressed
as fractions of GNP. The amount of gross investment, consumption of fixed
25capital and GNP were taken from a U.N. publication. The initial value of
26GNP and its historical growth rate were obtained from AID and World Bank.
Data on the existing capital stock is virtually non-existent for almost all
countries. It is estimated by multiplying capital/output ratio to 1970 GNP.
Except for a few industrial countries, however, the available capital/output
27ratios were the marginal ratios. Therefore, the estimated capital stock
for most countries is biased to the lower side. This, however, does not
affect the computed values of GNP since the bias of capital stock in the
initial year is adjusted by the multiplicative factor, A.
For the rate of technological growth, the individual country data
28were used whenever available. But for most countries it was computed by 
r = y - ak - 3n
where lower case indicates the annual rate of growth of the corresponding 
capital letter. The rate of growth of labor and capital, n and k, 
respectively, are those of 1970.
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